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Abstract: Patients with cirrhosis who are infected with hepatitis C 

virus (HCV) are the most in need of antiviral treatment. Virologic 

cure improves fibrosis and quality of life while reducing liver-relat-

ed morbidity and mortality. In mid-2011, the addition of direct-

acting antiviral agents (DAAs)—the protease inhibitors boceprevir 

(Victrelis, Merck) and telaprevir (Incivek, Vertex)—to pegylated 

interferon a-2a/b and ribavirin revolutionized the treatment of 

HCV infection by increasing cure rates across all fibrosis scores in 

patients with genotype 1 HCV infection. However, patients with 

advanced fibrosis or cirrhosis are the most difficult to treat, and 

the addition of DAAs increases treatment side effects as well as 

potency. Five phase III DAA trials have been published to date, but 

they contain limited data on patients with cirrhosis. This review 

will examine the available data and will describe the evolution of 

HCV therapy in patients with cirrhosis from the standard-of-care 

therapy of the past decade into the new era of DAAs.

More than 170 million people, comprising 2–3% of the 
world’s population, are chronically infected with hepati-
tis C virus (HCV).1,2 HCV infection is the leading cause 

of liver-related mortality and the most common indication for liver 
transplantation (LT) in the United States.1,2 Chronic HCV infection 
has a prevalence of more than 3 million people in the United States, 
most of whom are unaware of their disease.3,4 The prognosis of HCV 
infection varies according to fibrosis progression, with cirrhosis 
developing in 5–25% of patients over a period of 25–30 years.5,6 
Decompensation from HCV-related cirrhosis occurs in 30% of 
patients over 10 years, with a 3% annual risk of hepatocellular 
carcinoma (HCC) among cirrhotic patients in North America and 
Europe.7,8 Mathematical modeling of the natural history of HCV 
infection projects a peak prevalence of 1 million people with cir-
rhosis in the United States by 2020 and increasing rates of decom-
pensation and HCC for another 10–13 years.9 Therefore, patients 
with HCV-related cirrhosis are the most in need of treatment.10,11 
Although HCV infection is challenging to treat in this special 
group, HCV eradication has been demonstrated to improve fibrosis 
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and quality of life while reducing liver-related morbidity 
and mortality.12-15

The treatment of HCV infection was revolutionized 
in mid-2011 with the addition of direct-acting antiviral 
agents (DAAs)—the protease inhibitors boceprevir (Vic-
trelis, Merck) and telaprevir (Incivek, Vertex)—to the 
decade-long standard-of-care (SOC) therapy of pegylated 
interferon a-2a/b and ribavirin. This advance resulted 
in a tremendous demand for HCV therapy, leading to 
resource rationing and treatment triage.10 The concept 
of distributive justice with scarce resources suggests that 
patients with cirrhosis have the greatest need for treatment 
and thus should receive the highest priority for treatment, 
with asymptomatic patients with minimal fibrosis being 
at the other end of the spectrum.10 Our initial experi-
ence with DAA therapy reflects this urgency: Of the first  
98 consecutive HCV-infected patients we started on tela-
previr, almost 40% had advanced fibrosis or cirrhosis.16 
This review will examine the data on DAAs in patients 
with cirrhosis and will describe the evolution of HCV 
therapy in this special group from the SOC therapy of the 
past decade into the new era of DAAs.

Why Should Clinicians Treat Patients with 
Cirrhosis?

The 2004 American Association for the Study of Liver 
Diseases (AASLD) practice guideline for the diagnosis, 
management, and treatment of HCV infection recom-
mends treatment for patients with compensated HCV-
related cirrhosis who have preserved hepatic synthetic 
function and sufficient platelet and white blood cell 
counts to tolerate therapy.17 Achievement of sustained 
virologic response (SVR) in patients with cirrhosis has 
been demonstrated to improve liver function and fibrosis, 
to reduce the incidence of liver-related complications 
(by ameliorating portal hypertension), to reduce the risk 
of HCC, and to reduce mortality.18-26 (For a definition 
of SVR and other commonly used terms, see Table 1.) 
However, the risk of HCC development is not completely 
eliminated with achievement of SVR in cirrhotic patients, 
with the incidence of HCC remaining at 0.6–2.5% in 
this population.21-23,27 In addition, cirrhosis itself is one 
of the strongest predictors of treatment failure.19,28 SVR 
rates are low (10–33%) in patients with genotype 1 HCV 
infection and compensated cirrhosis who are treated with 
either interferon a or pegylated interferon a plus ribavi-
rin; higher rates are seen in patients with genotype 2 or 3  
HCV infection (33–72%).26,29-37 Despite these disap-
pointing results, a recent decision-analysis model demon-
strated that, compared to no treatment, SOC treatment 
for HCV infection among patients with compensated 
cirrhosis increased quality-adjusted life-years (QALYs) by 

0.950 and saved $55,314; in comparison, improvements 
were only 0.044 QALYs and $5,511 for patients with 
decompensated cirrhosis and 0.044 QALYs and $3,223 
for patients with post-LT advanced recurrence.38 A similar 
Markov model with the addition of DAAs further dem-
onstrated a 28% reduction in HCC lifetime risk and 
an 8% increase in QALYs, compared to SOC therapy.39 
Whether DAAs can meet their great expectations in cur-
ing patients with HCV-related cirrhosis in a real-world 
setting remains to be seen; our initial experience with 
boceprevir and telaprevir has demonstrated increased side 
effects in addition to increased potency. 

The urgency for HCV treatment is potentially at its 
peak in patients with decompensated cirrhosis, given their 
lower 5-year survival rate (50%) compared to patients 
with compensated cirrhosis (91%).6 However, patients 
with decompensated cirrhosis are the most difficult to 
treat, with the 3 largest studies of SOC therapy in patients 
with genotype 1 HCV infection and decompensated cir-
rhosis demonstrating dismal SVR rates (7–16%).18,40,41 
Although LT is the treatment of choice for patients with 
decompensated cirrhosis, recurrence of HCV infection 
occurs in 100% of patients, and accelerated post-LT 
disease is common.17 Thus, clinicians still have a strong 
incentive to achieve SVR or HCV RNA undetectability 
prior to LT in order to prevent recurrence, as long as the 
risks of pre-LT treatment are acceptable.17,35

Hepatitis C Virus Treatment in Patients 
with Cirrhosis: How Decompensated Is 
Decompensated?

Compensated cirrhosis has been defined by the presence of 
preserved liver function (total serum bilirubin <1.5 g/dL,  
international normalized ratio <1.5, and albumin  
>3.4 g/dL) and the absence of clinical complications such 
as jaundice, ascites, variceal bleeding, or hepatic encepha-
lopathy.17,19,42 These patients typically have Child-Pugh 
class A cirrhosis and adequate biochemical indices for pos-
sible HCV treatment as defined in the AASLD guideline: 
neutrophil count above 1.5 k/mm3, platelet count above 
75,000 k/mm3, hemoglobin level greater than 13 g/dL for 
men or greater than 12 g/dL for women, and creatinine 
level below 1.5 mg/dL.17 The safety and tolerability of SOC 
treatment, including the rate of discontinuation, do not 
differ between patients with compensated HCV-related 
cirrhosis and noncirrhotic patients; however, dose reduc-
tion is more frequent in the former group, largely due to 
hematologic toxicity.19 An oft-cited concern is that treat-
ment in patients with compensated cirrhosis might acceler-
ate hepatic decompensation, as can occur with interferon a 
therapy in patients with mildly decompensated hepatitis B  
virus–related cirrhosis, but the reported rate of decompen-
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sation in randomized controlled trials of HCV-infected 
patients has been negligible (0–3%).32-34,43 This finding is 
likely related to selection bias and is not necessarily reflec-
tive of real-world experience. 

In contrast, decompensated cirrhosis is defined 
as the presence of any of the aforementioned clinical 
complications; these patients usually have Child-Pugh 
class B or C cirrhosis.17,19,42 The achievement of SVR is 
possible in these high-risk patients.18,40-42,44-53 A recent 
long-term follow-up study by Iacobellis and colleagues of 
SOC treatment in patients with decompensated cirrhosis 
confirmed the results of their prior studies: Patients who 
achieved SVR had a durable reduced rate of decompen-
sation events (33.3% vs 96.1% for non-SVR patients), 
fewer hospitalizations (7.5 times more likely in non-SVR 
patients) and reduced mortality (73-month survival 
for SVR patients vs 53-month survival for non-SVR 
patients).54 Again, achievement of SVR did not reduce 
the incidence of HCC. 

Treatment with SOC therapy in this population is also 
associated with increased risks of infection (odds ratio [OR], 
2.95; 95% confidence interval [CI], 0.93–9.3) and mortal-
ity related to infection (OR, 1.97; 95% CI, 0.40–9.51), 
especially in the sickest patients with Child-Pugh class C 
cirrhosis and those with Model for End-Stage Liver Disease 
scores greater than 18 points.18 This finding is expected due 
to the reduced blood clearance of endotoxin and bacteria 
in the acquired immunodeficiency state of cirrhosis.55,56 A 
subsequent multivariate analysis demonstrated that several 
factors were associated with SVR: complete early virologic 
response (cEVR), genotype 2 or 3 HCV infection, and 

receiving the full duration and dosage of therapy.41 These 
factors can be used to triage patients early in the course of 
HCV treatment.

The earliest guideline commenting on HCV treat-
ment in patients with decompensated cirrhosis was from 
the first International Liver Transplantation Society expert 
panel consensus conference on LT and HCV infection 
in 2003. This guideline recommends strongly consider-
ing treatment for patients with a Child-Pugh score less 
than or equal to 7, possibly treating patients with scores 
of 8–11, and avoiding treatment in patients with scores 
greater than 11.57 The 2004 AASLD guideline recom-
mends that a low accelerating dose regimen (LADR) be 
used in patients with “mild degrees of hepatic compro-
mise, as long as treatment is administered by experienced 
clinicians, with vigilant monitoring for adverse events, 
preferably in patients who have already been accepted as 
candidates for [LT].”17 The 2007 Asian Pacific Association 
for the Study of the Liver consensus statements on the 
diagnosis, management, and treatment of HCV infec-
tion recommend no antiviral treatment for patients with 
decompensated cirrhosis in the general setting; instead, 
these patients should be referred for LT.58 The 2011 
European Association for the Study of the Liver clini-
cal practice guidelines are more specific: In patients with 
Child-Pugh class B cirrhosis, “antiviral therapy [can 
be] offered on an individual basis in experienced cen-
ters, preferentially in patients with predictors of good 
response”; however, patients with Child-Pugh class C 
cirrhosis should not be treated due to a high risk of life-
threatening complications.59

Table 1. Commonly Used Terms in Hepatitis C Virus (HCV) Treatment

Term Definition

Treatment endpoint

  Rapid virologic response (RVR) HCV RNA levels are undetectable at Treatment Week 4.

  Extended rapid virologic response (eRVR) HCV RNA levels are undetectable at Treatment Weeks 4 and 12.

  Complete early virologic response (cEVR) HCV RNA levels are detectable at Treatment Week 4 but undetectable at  
Treatment Week 12.

  Sustained virologic response (SVR) HCV RNA levels are undetectable 6 months after the end of treatment.

Prior response to failed HCV treatment

  Relapse HCV RNA levels are undetectable at the end of treatment but reappear after the 
end of treatment.

  Partial response HCV RNA levels decline by ≥2 log10 IU/mL but remain detectable at 
Treatment Week 24.

  Null response HCV RNA levels do not decline by ≥2 log10 IU/mL at Treatment Week 12.

  Breakthrough After HCV RNA levels have been undetectable, they are detected again during 
treatment.
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Treatment with Direct-Acting Antiviral Agents 
in Hepatitis C Virus–Related Cirrhosis:  
Phase III Trials

Much has been written about the 5 phase III DAA tri-
als that tested the first-generation protease inhibitors 
boceprevir and telaprevir for the treatment of genotype 1  
HCV infection, all of which were recently published in  
The New England Journal of Medicine.60-64 Overall, SVR 
rates were increased by nearly 30% with DAA-containing 
triple therapy compared to SOC therapy in treatment-naïve 
patients with genotype 1 HCV infection and by 25–60% 
in treatment-experienced patients with genotype 1  
HCV infection.65 

A general discussion of these trials is beyond the 
scope of this review; instead, this article will focus on 
the available trial data and subanalyses that assessed use 
of DAAs in patients with advanced fibrosis and cirrho-
sis. Note that this special group of patients often repre-
sented a small minority of the patients enrolled in these 
trials, especially in studies of treatment-experienced 
patients, which makes it difficult to draw conclusions 
about narrow subsets of patients (eg, prior relapsers 
with cirrhosis who achieved rapid virologic response 
[RVR] with boceprevir-based, response-guided therapy 

[RGT]). Patients who were older than 65 years, infected 
with genotype 2 or 3 HCV, and/or had decompensated 
cirrhosis were excluded from these trials. Table 2 sum-
marizes the results of each trial, and Figures 1–5 illus-
trate the SVR rates achieved in each trial according to 
fibrosis stage (and prior response, if applicable). 

Direct-Acting Antiviral Agent Trials of Treatment-
Naïve Patients
SPRINT-2  This trial studied the safety and efficacy of 
boceprevir-based therapy compared to SOC therapy by 
comparing 3 treatment regimens: (1) 44 weeks of SOC; 
(2) 44 weeks of boceprevir plus SOC (fixed-duration 
therapy [FDT] arm); and (3) a RGT arm in which all 
patients received boceprevir plus SOC for 24 weeks; 
those with undetectable HCV RNA levels between 
Weeks 8 and 24 completed therapy after 24 weeks, 
while those with detectable HCV RNA levels received 
SOC therapy for an additional 20 weeks.60 All arms had 
a 4-week lead-in period with SOC therapy. 

About 9% of the patients enrolled in the study 
(100/1,097) had either advanced fibrosis (Metavir F3; 
n=47) or cirrhosis (Metavir F4; n=53); these patients 
had similar baseline characteristics to those with milder 
fibrosis except for age (mean, 52±8 years vs 49±9 years,  

Table 2. Summary of Boceprevir and Telaprevir Phase III Trials

Trial

Treatment-naïve 
or treatment-
experienced 
patients? DAA studied

Patients with 
advanced 
fibrosis or 
cirrhosis

SVR in patients 
with advanced 
fibrosis or 
cirrhosis treated 
with SOC

SVR in patients 
with advanced 
fibrosis or 
cirrhosis treated 
with DAAs and 
SOC (48 weeks 
total)

Overall SVR 
rate 

SPRINT-2 Naïve Boceprevir 100/1,097 (9%) 38% 52% 68%
ADVANCE Naïve Telaprevir 231/1,088 

(21%)
33% 62% 75%

ILLUMINATE Naïve Telaprevir 149/540 (28%) N/A 63% 72%
HCV-
RESPOND-2

Experienced Boceprevir 78/403 (19%) R: 2/10 (20%)
PR: 0/5 (0%)
NR: N/A

R: 15/18 (83%)
PR: 11/22 
(50%)
NR: 2/4 (50%)*

R: 77/103 
(75%)
PR: 30/58 
(52%)
NR: 16/42 
(38%)*

REALIZE Experienced Telaprevir 316/663 (48%) R: 3/30 (10%) 
PR: 1/10 (10%)
NR: 1/19 (5%)

R: 109/119 
(85%)
PR: 21/50 
(42%)
NR: 23/88 
(26%)

R: 245/286 
(86%)
PR: 55/97 
(57%)
NR: 46/147 
(31%)

*Subanalysis from the PROVIDE study.93

DAA=direct-acting antiviral agent; N/A=not available; NR=null responders; PR=partial responders; R=relapsers; SOC=standard of care; SVR=sustained virologic response.
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respectively).60,65 The SVR rates in patients with 
advanced fibrosis or cirrhosis were 52% in the FDT 
arm, 41% in the RGT arm, and 38% with SOC therapy 
(Figure 1).66 In addition to other variables, the stage of 
fibrosis was predictive of SVR, with an SVR rate of 67% 
for patients with milder fibrosis (Metavir F0–F2) who 
were treated with boceprevir plus SOC therapy. The 
relapse rate was also higher in patients with advanced 
fibrosis or cirrhosis (12–18% vs 9% for patients with 
milder fibrosis).66 RVR occurred less frequently in 
patients with advanced fibrosis or cirrhosis (25% vs 
46% for patients with milder fibrosis); in this small 
group (n=33), patients receiving FDT had a higher 
SVR rate than those receiving RGT: 93% (13/14) versus  
79% (11/14), respectively.66 This finding led to the 
conclusion that genotype 1 HCV–infected, treatment-
naïve patients with advanced fibrosis or cirrhosis 
achieve higher SVR rates with the addition of bocepre-
vir to SOC therapy, but these patients should be 
treated with FDT: 4 weeks of SOC therapy followed by  
44 weeks of boceprevir plus SOC therapy.67

ADVANCE  This trial studied the safety and efficacy 
of telaprevir compared to SOC therapy by explor-
ing 8-week (T8) versus 12-week (T12) courses of 
telaprevir; the aims of this study were to potentially 
reduce side effects while preserving efficacy and to 
evaluate the shortening of therapy to 24 weeks in 
patients with robust viral responses.61,68 Patients 
were randomized into 1 of 3 arms: (1) 48 weeks 
of SOC; (2) T12 plus SOC, followed by SOC for  
12 more weeks (if HCV RNA levels were undetectable 
at Weeks 4 and 12) or 36 more weeks (if HCV RNA 

levels were detectable at Weeks 4 and 12); or (3) T8 plus 
SOC, followed by placebo plus SOC for 4 weeks, fol-
lowed by an additional 12 or 36 weeks of SOC (based 
on the same HCV RNA criteria described above). Lead-
in therapy with SOC was not studied. 

Approximately 21% of the patients enrolled in the 
study (231/1,088) had either advanced fibrosis (n=163) 
or cirrhosis (n=68), with baseline characteristics in this 
group similar to those of the overall study population.65 
The SVR rates in patients with advanced fibrosis or cir-
rhosis were 62% in the T12 plus SOC arm, 53% in the 
T8 plus SOC arm, and 33% with SOC therapy; SVR 
rates in patients with milder fibrosis were 78%, 74%, and 
47%, respectively (Figure 2).61 Overall, patients in the 
T12 plus SOC group had a higher SVR rate than those 
in the T8 plus SOC group, with a slightly lower rate of 
discontinuation of telaprevir in the T12 plus SOC group. 
Extended RVR (eRVR) was achieved in 58% of patients 
in the telaprevir arms overall, with over 80% of patients in 
each arm going on to achieve SVR. Among patients with 
cirrhosis, 43% (9/21) achieved eRVR; of those patients, 
78% (7/9) achieved SVR.68 In conclusion, this study 
demonstrated that genotype 1 HCV–infected, treatment-
naïve patients with advanced fibrosis or cirrhosis achieve 
higher SVR rates with the addition of telaprevir to SOC 
therapy, with a reasonable side-effect profile, but these 
patients should receive a 12-week rather than 8-week 
course of telaprevir with SOC therapy.

ILLUMINATE  This open-label, noninferiority trial 
evaluated the utility of RGT in patients achieving eRVR 
compared to FDT in patients without eRVR.64 Patients 
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Figure 1. Sustained virologic response (SVR) rates according 
to fibrosis stage among boceprevir-treated, treatment-naïve 
patients in the SPRINT-2 trial.

FDT=fixed-duration therapy; RGT=response-guided therapy; SOC=standard of care.

Figure 2. Sustained virologic response (SVR) rates according 
to fibrosis stage among telaprevir-treated, treatment-naïve 
patients in the ADVANCE trial.

SOC=standard of care; T8+SOC=8 weeks of telaprevir-based triple therapy 
followed by SOC for an additional 16 or 40 weeks; T12+SOC=12 weeks of 
telaprevir-based triple therapy followed by SOC for an additional 12 or 36 weeks.
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were assigned to 1 of 3 arms: Patients with eRVR while on  
T12 plus SOC therapy were randomly assigned to either  
(1) 12 more weeks of SOC or (2) 24 more weeks of SOC; 
(3) patients without eRVR received T12 plus SOC followed 
by 36 weeks of SOC. There was no SOC control arm. 

Approximately 28% of the patients enrolled in the 
study (149/540) had advanced fibrosis (n=88) or cirrhosis 
(n=61). The SVR rate was 63% in patients with advanced 
fibrosis compared to 75% in patients with milder fibrosis 
(Figure 3). Among patients with advanced fibrosis or cir-
rhosis who achieved eRVR (46% vs 49%, respectively), 
there was no statistically significant difference in SVR 
rates between the RGT and FDT arms (82% vs 88%, 
respectively).64 However, if the analysis was narrowed 
to include only patients with cirrhosis, SVR rates were 
67% (12/18) in the RGT arm compared to 92% (11/12) 
in the FDT arm.69 Treatment discontinuation before 
Week 20 (n=100) occurred in a higher percentage 
of patients with advanced fibrosis or cirrhosis (31% 
vs 19% in patients with milder fibrosis). In conclu-
sion, this study demonstrated that, among genotype 1 
HCV–infected, treatment-naïve patients, administering 
telaprevir as part of a RGT regimen based on eRVR may 
be appropriate in up to two thirds of patients; RGT 
should not be used in patients with cirrhosis, given their 
reduced SVR rate, although a paucity of data are avail-
able in this special group.64,68,70,71 

Direct-Acting Antiviral Agent Trials of Treatment-
Experienced Patients
HCV-RESPOND-2  This trial enrolled patients who 
were relapsers or partial responders during prior SOC 
therapy; patients were randomized to 1 of 4 arms:  
(1) RGT consisting of boceprevir plus SOC for 32 weeks 
if HCV RNA levels were undetectable at Weeks 8 and 12; 
(2) boceprevir plus SOC for 32 weeks plus an additional 
12 weeks of SOC if HCV RNA levels were detectable at 
Week 8; (3) FDT consisting of boceprevir plus SOC for 
44 weeks; or (4) SOC therapy for 44 weeks.62 All arms 
had a 4-week lead-in with SOC therapy. 

Approximately 19% of the patients enrolled in the 
study (78/403) had advanced fibrosis (n=29) or cirrhosis 
(n=49). SVR rates in patients with advanced fibrosis or 
cirrhosis were 68% in the FDT arm, 44% in the RGT 
arm, and 13% with SOC therapy; SVR rates in patients 
with milder fibrosis were 68%, 66%, and 23%, respec-
tively (Figure 4).66 While fibrosis did not affect SVR 
rates among patients who received FDT, significant 
fibrosis appeared to have a negative effect on SVR rates 
among patients who received RGT. Notably, fibrosis did 
not appear to affect SVR rates in prior relapsers who 
received FDT (83% in patients with advanced fibro-
sis or cirrhosis vs 75% in those with milder fibrosis). 
The relapse rate was higher in patients with advanced 
fibrosis or cirrhosis (21% vs 11% in patients with 
milder fibrosis). A decrease of at least 1 log10 IU/mL in 
HCV RNA level after the 4-week lead-in period and 
HCV RNA undetectability at Week 8 were predictive of 
SVR overall.66 In patients with advanced fibrosis or cir-
rhosis, achieving both of these benchmarks led to high 
SVR rates in both the RGT arm (8/10) and the FDT arm 
(18/20).66 A reduced rate of HCV RNA undetectability 
at Week 8 (and thus lower rates of SVR) in treatment-
experienced, genotype 1 HCV–infected patients with 
advanced fibrosis or cirrhosis led to the conclusion that 
FDT with boceprevir, not RGT, optimizes SVR rates 
compared to SOC therapy. 

REALIZE  This trial enrolled relapsers, partial respond-
ers, and null responders; patients were randomized to 1 of 
3 arms: (1) a 4-week lead-in with SOC (as with bocepre-
vir), followed by T12 plus SOC, followed by an additional  
32 weeks of SOC; (2) FDT consisting of T12 plus SOC 
followed by 36 weeks of SOC; or (3) SOC for 48 weeks.63 
In contrast to the studies described above, null responders 
were enrolled in this study, and nearly half (48%) of the 
patients enrolled in the study (316/663) had advanced 
fibrosis (n=147) or cirrhosis (n=169).72 Patients with cir-
rhosis were slightly older (54 years vs 50 years for noncir-
rhotic patients), and cirrhotic patients were more likely 
than noncirrhotic patients to be prior nonresponders  
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Figure 3. Sustained virologic response (SVR) rates according 
to fibrosis stage among telaprevir-treated, treatment-naïve 
patients in the ILLUMINATE study.

T12+SOC24=12 weeks of telaprevir plus 24 weeks of standard of care; 
T12+SOC48=12 weeks of telaprevir plus 48 weeks of standard of care.
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(36% vs 25%, respectively).73 There was no difference in 
SVR rates between the 4-week lead-in arm and the FDT 
arm. This study’s higher proportion of patients with cir-
rhosis allowed for a better evaluation of the difference 
in treatment outcomes between patients with advanced 
fibrosis (F3) and those with cirrhosis (F4). 

SVR rates were increased in the pooled telaprevir 
arms compared to SOC therapy although inversely 
related to the stage of fibrosis: 75% versus 22% in 
patients with milder fibrosis, 67% versus 7% in patients 
with advanced fibrosis, and 47% versus 10% in patients 
with cirrhosis (Figure 5).65,73 As was seen with boceprevir 
in HCV-RESPOND-2, fibrosis did not appear to affect 
SVR rates in prior relapsers who received a total of  
48 weeks of therapy (84% in patients with cirrhosis vs 
87% in those with milder fibrosis).73 The lowest SVR 
rates occurred in prior null responders, especially those 
with cirrhosis (14%), although this rate was still higher 
than the SVR rate achieved with SOC therapy (10%). 
Relapse rates were higher in patients with cirrhosis and 
previous partial or null response than in those without 

cirrhosis (10% vs 4%).73 Rates of discontinuation due to 
adverse events were also slightly higher in patients with 
cirrhosis (7% vs 4%). In conclusion, this study confi-
dently demonstrated that genotype 1 HCV–infected, 
treatment-experienced patients with advanced fibrosis 
or cirrhosis achieve higher SVR rates with the addition 
of telaprevir to SOC therapy, but SVR rates in previous 
null responders with cirrhosis remain low.

Safety of Direct-Acting Antiviral Agents in 
Patients with Cirrhosis

While side effects of HCV therapy are common in all 
patient types, side effects in patients with cirrhosis tend 
to be magnified, as these patients often lack the physical 
and biochemical reserves present in patients with milder 
fibrosis. Given that nearly all patients with cirrhosis 
will experience side effects at some point during HCV 
treatment, providers must become adept troubleshoot-
ers. Studies have shown that adverse events occur more 
frequently with DAAs compared to SOC therapy.50,71 
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Figure 4. Sustained virologic response (SVR) rates according to fibrosis stage and prior response among boceprevir-treated, 
treatment-experienced patients in the HCV-RESPOND-2 study.

FDT=fixed-duration therapy; RGT=response-guided therapy; SOC=standard of care.
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A subanalysis of data from the boceprevir trials 
demonstrated a similar safety profile (including adverse 
event–related discontinuation) among patients with 
advanced fibrosis or cirrhosis and those with milder 
fibrosis; the exceptions were a slight increase in dose 
modifications, an increased incidence of anemia (hemo-
globin level <10 g/dL), and an increased incidence of 
dysgeusia among patients with advanced fibrosis or cir-
rhosis.66 Overall, the incidence of anemia in both trials 
was greater than 40%, with erythropoetin (EPO) use 
approaching 40%. Given boceprevir’s longer duration 
of therapy (24–44 weeks vs 12 weeks with telaprevir), 
anemia is likely to be greater with boceprevir, although 
SVR rates in patients managed by ribavirin dose reduc-
tion alone were comparable to SVR rates in those man-
aged with EPO.71,74 While the presence of cirrhosis was 
not a risk factor for on-treatment anemia, on-treatment 
anemia itself (especially with large hemoglobin declines 

[>5 g/dL]) was identified as a significant variable for 
achieving SVR (P<.001).74

A subanalysis of data from the telaprevir trials also 
demonstrated a similar safety profile among patients 
with advanced fibrosis or cirrhosis and those with 
milder fibrosis, except for slight increases in adverse 
event–related treatment discontinuations (15% vs 
11%), rash, anemia, and flu-like symptoms among 
patients with advanced fibrosis or cirrhosis.73 Because 
EPO was not allowed in the telaprevir trials, patients 
with anemia had a 5–6% higher treatment discontinu-
ation rate compared to patients without anemia.71 The 
overall incidence of anemia approached 40%. Multi-
variate analysis demonstrated that older age, lower body 
mass index, more advanced fibrosis, and infection with 
genotype 1b HCV were significantly associated with the 
development of on-treatment anemia.75 However, ane-
mia, ribavirin dose reduction, and timing of ribavirin 

Figure 5. Sustained virologic response (SVR) rates according to fibrosis stage and prior response among telaprevir-treated, 
treatment-experienced patients in the REALIZE study.

SOC=standard of care; T12+SOC48=12 weeks of telaprevir plus 48 weeks of standard of care.
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dose reduction did not adversely affect SVR.76 Also, the 
presence or level of telaprevir resistance was not associ-
ated with the stage of fibrosis in patients who failed the 
telaprevir regimen.65

Using Colony-Stimulating Factors with Direct-Acting 
Antiviral Agents: Real-World Experiences
Although the use of colony-stimulating factors in HCV 
therapy is not approved by the US Food and Drug 
Administration and is associated with considerable 
cost, colony-stimulating factors are commonly and 
effectively used in clinical practice to initiate, main-
tain, and improve HCV therapy. Despite the potential 
adverse events and the black-box warning associated 
with EPO, practicing clinicians prescribe EPO in 28% 
of patients treated with SOC therapy.76 This use will 
likely continue with both boceprevir and telaprevir.77 
A recent abstract demonstrated the potential utility 
of the thrombopoietin-receptor agonist eltrombopag 
(Promacta, GlaxoSmithKline) as therapy for HCV-
related thrombocytopenia; use of this drug permitted 
the start of antiviral therapy in 95% of patients with 
platelet counts less than 75,000/mm3 and improved 
SVR rates with SOC therapy, although at the expense of 
increased thromboembolic events.78,79 We consider the 
use of filgrastim (Neupogen, Amgen) when the absolute 
neutrophil count is below 500/mm3, EPO when the 
hemoglobin level is below 10 g/dL, and eltrombopag 
in special circumstances (eg, patients with hemophilia).

In our real-world experience administering telaprevir-
based triple therapy in 98 consecutive patients treated at 
our institution, adverse events were surprisingly common 
and severe.16 By Week 4, 23% of patients had developed 
severe anemia (and in many cases required transfusions), 
10% had creatinine increases above the upper limit of 
normal, and 2% discontinued treatment due to severe 
rash. RVR rates for treatment-naïve patients and relaps-
ers in our case series were significantly lower than those 
reported in phase III trials (P<.01). 

Our initial experience with DAAs is congruent 
with the results of the French CUPIC study, an early-
access cohort study describing real-world experience 
with boceprevir and telaprevir that includes a large 
number of treatment-experienced patients with cir-
rhosis.80 In 455 nonrandomized patients with Child-
Pugh class A compensated cirrhosis, rates of serious 
adverse events (38.4% with boceprevir and 48.6% with 
telaprevir) and subsequent treatment discontinuation 
(7.4% and 14.5%, respectively) were higher than those 
reported in the phase III trials of boceprevir and tela-
previr. EPO was used in a majority of patients (66% of 
patients treated with boceprevir plus SOC and 56.8% 
of patients treated with telaprevir plus SOC), and 

blood transfusions were required in 10.7% and 15.2% 
of patients, respectively.81 Given these findings, clini-
cians should exercise caution in the real-world use of 
DAAs in patients with cirrhosis. 

This discrepancy in adverse events between real-
world settings and the phase III trials of telaprevir and 
boceprevir likely reflects selection bias and the paucity 
of data in the subpopulation of patients with cirrhosis. 
Indeed, the differences between patients enrolled in clin-
ical trials and those treated in real-world settings have 
been described.82,83 In a study comparing genotype 1 
HCV–infected patients enrolled in a DAA trial with 
those treated with SOC therapy, baseline biochemical 
profiles were more favorable in study patients, while 
advanced fibrosis and psychiatric disorders were more 
common in SOC-treated patients.84 The complexity of 
DAA therapy, particularly in patients with cirrhosis, 
requires an organized team approach with healthcare 
provider expertise and sufficient staff to aid in effective 
patient education, monitoring, paperwork, and trouble-
shooting.10 Given the proposed need-based allocation 
system that prioritizes the sickest patients, as well as the 
real-world complication rate in patients with cirrhosis, 
DAA therapy will likely place a strain on healthcare pro-
vider time and resources, and this strain may mitigate 
the achievement of SVR in this subpopulation.

Metabolism of Direct-Acting Antiviral Agents in 
Patients with Cirrhosis
Boceprevir and telaprevir are extensively metabolized 
by the liver; boceprevir is metabolized by the aldo-keto 
reductase system and the cytochrome P450 (CYP) 
enzyme system, and telaprevir is metabolized solely by the 
CYP system.70,85 The main route of elimination for both 
agents is via feces, so there is minimal urinary excretion; 
thus, dose adjustments are not required in patients with 
renal insufficiency. Pharmacokinetic studies of boceprevir 
in patients with Child-Pugh class A, B, and C cirrhosis 
did not demonstrate any clinically significant differences 
compared to healthy subjects, so no dose adjustment of 
boceprevir is required for patients with any degree of 
cirrhosis; however, boceprevir has not been studied in 
patients with decompensated cirrhosis nor is it recom-
mended for treatment of this group.85 In contrast, the 
steady-state exposure to telaprevir was reduced by 46% 
in HCV-negative patients with Child-Pugh class B cir-
rhosis compared to healthy subjects, so the appropriate 
dosing of telaprevir in patients with Child-Pugh class B  
and C cirrhosis is not known; thus, treatment with 
telaprevir is not recommended in these populations.70 
Also, patients with cirrhosis are often on many medica-
tions with potential drug-drug interactions that can 
complicate treatment with DAAs. A thorough review of 
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a patient’s medications and the information contained 
in the package inserts (or an updated website such as  
www.hep-druginteractions.org) is recommended so that 
dose adjustments can be considered prior to initiating 
DAA therapy. 

Treatment with Direct-Acting Antiviral Agents

Before Starting Treatment 
For HCV-infected patients with cirrhosis and their 
doctors, the decision to undergo and continue DAA 
therapy involves assessment of the risks of possible 
decompensation and complications versus the likeli-
hood of achieving SVR. In practice, clinicians attempt 
to achieve a measure of clinical stability (eg, diuresis 
of ascites, evaluation and prophylaxis against variceal 
bleeding, and/or reduction of hepatic encephalopathy) 
and to optimize laboratory indices (eg, starting EPO 
for baseline anemia) prior to starting DAA therapy in 
patients with cirrhosis. Also, if patients have Child-Pugh  
class B or C cirrhosis or Child-Pugh class A cirrhosis 
and a history of decompensation, they are referred 
for LT evaluation prior to starting DAA therapy (as a 
safety net). Given the limited information on DAAs 
in patients with cirrhosis, prognosticating the odds of 
achieving SVR for an individual patient can be very 
difficult. However, there are some pretreatment and 
on-treatment variables that can be useful.

Pretreatment Predictors of Sustained Virologic 
Response in Patients with Cirrhosis
Despite the deluge of information on boceprevir and tela-
previr—including study designs, stopping rules, and the 
effect of prior response to SOC therapy—the foundation 
of knowledge built over the past decade regarding factors 
affecting SVR in SOC-treated patients is likely still rele-
vant; these factors include prior response, interleukin (IL)-
28B genotype, age, baseline viral load, degree of fibrosis, 
serum cholesterol level, platelet count, gamma-glutamyl 
transpeptidase level, alanine aminotrasferase (ALT) level, 
alcohol intake, and the presence of comorbidities such as 
insulin resistance.19 Several studies have examined factors 
predictive of SVR in HCV-infected, SOC-treated patients 
with both compensated and decompensated cirrhosis, 
although most of these studies are small case series that 
predate the discovery of IL-28B. A recent review discusses 
this topic in detail.19 

Another recent review of the phase III DAA tri-
als examines the differences in SVR rates depending 
on various pretreatment and on-treatment variables.86 
Only the REALIZE trial had a sufficient number of 
patients with cirrhosis to examine pretreatment factors 
associated with SVR in this group. A recent subanalysis 

evaluated 117 (69%) of the 169 patients with cirrhosis 
who had complete pretreatment data.73 Multiple logis-
tic regression analysis demonstrated that baseline levels 
of low-density lipoprotein and triglycerides; maximum 
baseline levels of aspartate aminotransferase (AST) and 
ALT; prior response to SOC therapy; and genotype 1b  
HCV infection were significantly associated with 
achievement of eRVR. However, only high baseline 
AST and ALT levels and prior relapse following SOC 
therapy remained significant for predicting SVR among 
patients with cirrhosis who received T12 plus SOC 
for 48 weeks.73 It is interesting that genotype 1b HCV 
infection (compared to genotype 1a) did not remain a 
statistically significant predictor of SVR because of the 
increased SVR rates in treatment-naïve patients infected 
with genotype 1b versus 1a; this finding was demon-
strated with both boceprevir (70% vs 63%, respectively) 
and telaprevir (79% vs 71%, respectively). In the 
REALIZE trial of telaprevir, genotype 1 subtype did 
not affect SVR in prior relapsers, whereas genotype 1b  
was associated with higher SVR rates than genotype 1a 
among partial responders (68% vs 47%, respectively) 
and null responders (37% vs 27%, respectively).72 
Given the paucity of data regarding the effect of IL-28B 
on SVR rates in the phase III DAA trials, the history 
of prior response to SOC therapy continues to be a 
crucial pretreatment predictor of SVR in patients with 
cirrhosis. Thus, specific details of prior HCV treatment 
should be pursued aggressively and examined carefully 
prior to initiating DAA therapy.

The discovery of IL-28B dramatically changed 
our understanding of the likelihood of achieving SVR 
with SOC therapy in both acute and chronic HCV 
infection.87,88 A subanalysis of the HALT-C trial dem-
onstrated the importance of several pretreatment vari-
ables: IL-28B rs12979860-CC genotype plus 4 clinical 
variables (low baseline HCV RNA level, low AST/ALT 
ratio, Ishak fibrosis score of 3 vs 4, and prior exposure 
to ribavirin) were highly predictive of SVR in patients 
treated with SOC therapy (without a DAA), with an 
area under the curve of 78.5%.89 IL-28B genotype is the 
strongest pretreatment predictor of SVR in genotype 1  
HCV–infected patients who are treated with SOC 
therapy alone or SOC plus either boceprevir or telapre-
vir using either FDT or RGT.90 In incomplete data sets 
from SPRINT-2 and ADVANCE, SVR rates in white 
patients were 80–90% among those with IL-28B geno-
type CC, approximately 71% among those with the  
CT genotype, and 52–59% among those with the  
TT genotype.72 The updated AASLD guideline acknowl-
edges the predictive capabilities of IL-28B genotype, but 
it posits that data are insufficient to support restricting 
DAA therapy for only CT/TT genotypes because RGT 
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may be additionally beneficial with DAAs for patients 
with the CC genotype.71,91,92 For example, knowing they 
are IL-28B genotype CC may be useful for patients with 
cirrhosis who are borderline candidates for treatment or 
are unsure about starting HCV treatment. 

On-Treatment Predictors of Sustained Virologic Response
A recent meta-analysis of 3 large, randomized,  
phase III trials using SOC therapy demonstrated that, 
on multiple logistic regression analysis, RVR, cEVR, 
and cumulative ribavirin dose were significantly associ-
ated with SVR in genotype 1 HCV–infected patients 
with advanced fibrosis or cirrhosis.26 It is noteworthy 
that only on-treatment responses, not pretreatment 
variables, were significant. The stopping rules were 
carefully devised for each DAA after analyses of viral 
kinetics and the likelihood of SVR at specified time 
points; thus, these rules are the best current guide to 
predict on-treatment SVR. RVR and eRVR were pre-
dictive of SVR in all phase III DAA studies, but these 
benchmarks were achieved less frequently in patients 
with cirrhosis. The ILLUMINATE trial of telaprevir 
suggested a difference in SVR rates based on the pres-
ence of cirrhosis among patients who received RGT 
based on eRVR; specifically, patients with advanced 
fibrosis had a higher SVR rate than patients with cir-
rhosis. In patients with cirrhosis, almost half (30/61) 
achieved eRVR, including 18 patients randomized to 
RGT and 12 patients randomized to FDT (T12 plus 
SOC for 48 weeks). The SVR rates were 67% (12/18) 
for the RGT group compared to 92% (11/12) for the 
FDT group. Although limited by small numbers, this 
analysis shows that, even in patients with optimal early 
responses to DAAs, RGT is inadequate and 48 weeks of 
treatment is crucial. 

One potential strategy to mitigate early side effects 
in patients with cirrhosis is to utilize a SOC lead-in with 
a LADR to ease patients into treatment prior to starting 
either DAA. In this treatment strategy, a decrease greater 
than 1 log10 IU/mL in HCV RNA level at Week 4 plus 
HCV RNA undetectability at Week 8 were predictive 
of SVR in patients with cirrhosis who were treated with 
boceprevir.93 In contrast, a subanalysis of the REAL-
IZE trial of telaprevir demonstrated that a Week 4 
lead-in response did not provide additional guidance 
over prior response to SOC therapy in the prediction 
of SVR (in the entire cohort), except in patients for 
whom data on prior response to SOC therapy are not 
available and in null responders for whom a decrease 
in HCV RNA level greater than 1 log10 IU/mL at 
Week 4 was associated with a higher SVR rate: 54% 
(15/28) compared to 15% (6/41) among patients with 
a less–than–1 log10 IU/mL decrease.94

Are Any Patients with Cirrhosis Eligible for 
24 Weeks of Treatment?

Pooling the 5 phase III DAA trials together, 23% of 
patients had advanced fibrosis or cirrhosis (874/3,791), 
but only 10.6% had cirrhosis (400/3,791), with patients 
in REALIZE comprising 42% of the latter group. Thus, 
it is clear that phase III data on treatment of patients 
with cirrhosis are lacking, especially regarding RGT. The  
phase III trials of treatment-experienced patients dem-
onstrated that fibrosis did not affect SVR rates in prior 
relapsers who received 48 weeks of total therapy, but 
RGT was not assessed in these easiest-to-treat patients. 
At the other end of the spectrum, it appears that prior 
null responders with cirrhosis not only do not qualify for 
RGT, but, given their low SVR rates even when treated 
with DAAs (14–38%), they may not even be candidates 
for treatment. Specifically, the low SVR rates in this group 
of toughest-to-treat patients raise significant questions 
about whether to treat now or wait and whether therapy 
is cost-effective. 

Conclusions

HCV infection is a global health epidemic that can be 
mitigated by effective treatment and cure. Patients with 
HCV-related cirrhosis are both the most in need of treat-
ment and the most challenging to treat, but achievement 
of SVR in this group can improve fibrosis and reduce 
liver-related morbidity and mortality. In all phase III DAA 
trials that have been published to date, the presence of 
cirrhosis was negatively associated with the achievement 
of SVR. The addition of either boceprevir or telaprevir 
consistently demonstrated improved SVR rates over SOC 
therapy alone in patients with cirrhosis, regardless of the 
experimental treatment arm, and safety profiles in patients 
with cirrhosis were comparable to those seen in patients 
with milder fibrosis. Careful and thorough pretreatment 
evaluation of baseline characteristics, including prior treat-
ment response, and understanding of side-effect manage-
ment and on-treatment responses with DAA therapy in 
patients with cirrhosis are crucial to SVR estimation and 
treatment completion. Clinicians should not lose sight of 
the ultimate goal of treatment, virologic cure, despite the 
greater obstacles encountered in patients with cirrhosis.
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